ABSTRACT
INTRODUCTION
For the perception of the customers about the product or service, the most important phase of the supply chain is the distribution, since it represents a link to the customers, through which they experience and assess the functioning of the supply chain as a whole [1] . The formation of the distribution network consists basically of determining the number and locations of logistics and distribution centres (LDCs), their catchment zone, function, capacity and operation technology [2] . This is the basis of determining the transport method (transport means, transport route, dynamics,…..) and the transport technology. The distribution network is formed according to the set requirements of efficacy and efficiency of the supply chain, in compliance with the corporate competition strategy, and the quality of the solution obtained in this way can be checked by the simulation on the mathematical model [3] . The analysis of the simulation results can provide identification of the elements that need to be optimised in order to rationalize the logistic costs, and this will be presented on the model of actual distribution network with the cross-docking system.
DEFINING THE LOGISTIC PROBLEM
The distributer's task is to satisfy the demand for certain product on their market, with minimal distribution costs. The distributer buys the goods based on CIF parity [4] of the European port. This refers to the product that is manufactured in factories in the Far East, and delivered from there via sea container transport to the port of Hamburg (northern route), i.e. alternatively to the port of Koper and/or Rijeka (southern route). The containers with goods are then transported using surface transport to LDCs in inland where these are emptied (unloaded), and the empty containers are then returned to the port. The factories deliver the product that is not yet ready to be delivered to the customer, and has to undergo finishing operations at the LDC of the destination (sorting, control, packaging into commercial packing materials, labelling, …). After that the goods are delivered to the points of sale where they are available to the customers. The task problem is presented in Scheme 2. The problem can be solved if the total distribution capacity of the network (sum of individual LDC capacities) is greater than or equal to the total market demand (sum of the demands of individual cities with their catchment zones). The problem solubility condition is expressed by the following mathematical expression:
n = total number of open LDCs, n 4 max = ; K = total distribution capacity; pj = demand in city j; ki = LDC capacity at location i; m = total number of cities to be supplied; P = total market demand;
The problem can be solved if: K P $
Mathematical model
The mathematical model of the set task that encompasses all the elements of the problem is expressed by the following mathematical structure:
Function of objective:
under conditions:
and simplification:
where: , with the exception of the location variable, which is binary. 
SOLUTION OF THE LOGISTIC PROBLEM

Analysis of distribution network solution
The results of the analysis carried out (cf. Table 1) show that the transport costs account for the largest share in the costs of distribution (80%), which means that possibilities for the reduction of logistic costs, i.e. optimization of the distribution network should be primarily looked for in the domain of transport, in the segment of the distribution network which in the traffic sense is encircled by the Munich -Vienna -Bratislava -Budapest -Zagreb -Ljubljana -Munich line (cf. 
IMPLEMENTATION OF LOGISTIC OUTSOURCING
Logistic outsourcing has been applied to the distribution network by introducing the cross-docking system that is managed by 3PL operator 2 . Cross-docking can be defined as a continuous flow of goods through LDC, from the function of receiving to the function of dispatch, which eliminates the need for conventional warehousing [5] . The primary role of the warehouse is the coordination of incoming and outgoing flows, and not the accommodation and storage of goods 3 .
Cross-docking system functioning
The functioning of the cross-docking system is based on shifting the focus from supply to demand [6] . Every supplier's goods delivery (incoming shipments) is sorted immediately upon entering the cross-docking system and organized according to the demand, i.e. according to the pre-received orders from the points of sale (customers). Thus formed outgoing shipments are loaded directly onto delivery vehicles and delivered to the customers. The simplified functioning of the crossdocking system is presented by Scheme 1.
It should be noted that the cross-docking system requires significant initial investments and high level of coordination of the included subjects:
-Manufacturers (suppliers), distributers (and/or 3PL operators), and the points of sale (customers) have to be connected by the information and communication system which allows standardization and real-time exchange of data. 
Introduction of the cross-docking system in the distribution network
The cross-docking (CD) terminal managed by the 3PL operator is positioned at CCG 4 , where the total logistic infrastructure is available, and from the aspect of target segment of the distribution network represents the optimal location. The goods can be received from LDC at locations Ljubljana (1), Munich (2) and Zagreb (4), i.e. dispatched to the points of sale in the cities of Vienna (1), Bratislava (2) and Budapest (3). The receipt of goods at LDC, delivery to the CD terminal, and delivery to the points of sale is also carried out by the same 3PL operator. The unit transport delivery costs to the CD terminal and the delivery to the points of sale are lower because of the possibility of shipment consolidation on the mentioned transport relations [7] .
Because of the introduction of the cross-docking system, the transport costs from LDC at locations 1, 2 and 4 to CD terminal, from CD terminal to the points of sales in cities 1, 2 and 3, as well as cross-docking operative costs are added to the function of objective of the mathematical model:
with additional condition:
where: yti = unit cost of transport from LDC at location i to CD terminal, constant (€/palette); yi = quantity of goods delivered from LDC at location i to CD terminal, continuous variable (palette); xtj = unit transport cost from CD terminal to points of sale in city j, constant (€/palette); xj = quantity of goods delivered from CD terminal to points of sale in city j, continuous variable (palette); c = unit operative cost of cross-docking, constant (€/palette). The solution of the distribution network with the cross-docking system, obtained by the application of the same software tools on the mathematical model has been graphically presented in Figure 2 .
Features of the new solution
The graphical presentation (cf. 
ANALYSIS OF THE NEW SOLUTION
The analysis of the new solution (distribution network solution with cross docking) has been carried out in the same manner as of the initial solution. In terms of logistic costs, the results of the analysis (cf. Table 2) show two main effects.
First effect of the new solution is overall reduction of the total logistic costs by €13,610 i.e. by 4% compared to the initial solution (new solution: €327,360; initial solution: €340,970).
Second effect of the new solution is a different structure of the logistic costs, as presented in Graph 1. There is an increase of the total costs of infrastructure, equipment and operation of LDCs plus the additional operative cost of cross-docking, while there is a reduction of the total transport costs. Table 1 and Table 2 d
QUANTIFICATION OF IMPROVEMENTS
Beside the overall reduction of the total logistic costs as a common objective, the application of logistic outsourcing has given certain measurable outcome reflected in the particular improvement elements achieved, which can be quantified by comparing data from Table 2 (new solution) against Table 1 (initial solution).
Total transport cost of the distribution network (delivery of goods to LDCs, i.e. to CD terminals and delivery of goods from LDCs, i.e. from CD terminals to the points of sale) was reduced by €36,400 i.e. by 13% compared to the initial solution (cf. Total traffic at the level of the distribution network has been increased by the realized traffic of the CD terminal, and the division of traffic between the LDCs has been changed (cf. Graph 4).
CONCLUSION
In compliance with the distributer's task the function of objective, constants, variables and conditions of the logistic problem have been defined. Before developing a mathematical model, the solubility of the problem has been determined. The mathematical description of the functional characteristics of the distribution network system elements, their interactions and given conditions (restrictions) yield a high-levelsimilarity mathematical model, which, for the needs of solving the problems of the set task, allows a simulation of the functioning of the real distribution network system.
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Source: data from Table 1 and Table 2 sourcing has been applied. The optimized solution of the distribution network with the cross-docking system has been obtained by applying the MS Excel software tools Solver on the mathematical model. In order to quantify the improvement elements, the results of the analysis of the logistic costs of the distribution network before and after applying the logistic outsourcing have been compared (introduction of the cross-docking system). The quantitative changes, apart from the distribution of traffic per LDCs, i.e. improvement regarding the costs of distribution, have been also reflected in the geographic arrangement of distribution, i.e. change of the transport routes of the goods flows. The introduction of the cross-docking system has been said to have pushed the spatial factor (transport distances) into the background, and the logistic outsourcing, i.e. the possibility of optimizing the supply chain by introducing the 3PL operator into the respective segment of the distribution network has become the dominant factor in designing of the distribution network.
